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(57) ABSTRACT

A sheet feeding apparatus includes: a tray storing a sheet and
detachably mounted on an apparatus body; a rotatable arm; a
roller, provided on the arm, configured to pick up the sheet on
the tray; a sensor, provided on the arm, configured to detect a
physical property; and a determination unit configured to
determine, based on detection by the sensor, at least any of a
mounting state of the tray on the apparatus body and at least
one of states of the sheet on the tray selected from the group
consisting of the presence or absence of the sheet, a remaining
amount of the sheet, a type of the sheet, front and back sides
of'the sheet, and a size of the sheet stored on the tray.

9 Claims, 12 Drawing Sheets
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1
SHEET FEEDING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sheet feeding apparatus
and a printing apparatus which are capable of detecting the
state of a sheet-like medium on a tray.

2. Description of the Related Art

Some printing apparatus have a plurality of housing-type
trays on which a sheet-like medium (hereinafter also referred
to simply as a sheet) on which printing is performed is loaded.
As disclosed in, for example, Japanese Patent Laid-Open No.
2013-180834, some are configured such that two trays in tiers
of'an upper tray and a lower tray are included, the upper tray
being slidable inside a printing apparatus body, and sheets can
be fed from both the upper and lower trays by one swing-arm
type pickup roller.

SUMMARY OF THE INVENTION

Since a variety of sheets can be retained on a tray, loading
mistakenly a wrong type of sheet or a sheet upside down may
occasionally cause printing not to be performed in an optimal
setting. Further, in a case where printing operation is per-
formed without a sheet being loaded on the tray, the printing
operation needs to be reset causing extra work of performing
the printing operation again after the sheet is loaded. To avoid
such a situation, a technique is required for enabling detection
of the state of the sheet on the tray in an early stage prior to
performing printing operation. Meanwhile, a large-scale
means for detecting the state of the sheet causes the apparatus
to be enlarged and thus is undesirable.

An object of the present invention is to provide a sheet
feeding apparatus and a printing apparatus which are capable
of'detecting, in a simple structure, the state of a sheet on atray.

To solve the above problem, there is provided a sheet
feeding apparatus comprising a tray storing a sheet and
detachably mounted on an apparatus body; a rotatable arm; a
roller, provided on the arm, configured to pick up the sheet on
the tray; a sensor, provided on the arm, configured to detect a
physical property; and a determination unit configured to
determine, based on detection by the sensor, at least any of a
mounting state of the tray on the apparatus body and at least
any of a mounting state of the tray on the apparatus body and
at least one of states of the sheet on the tray selected from the
group consisting of the presence or absence of the sheet, a
remaining amount of the sheet, a type of the sheet, front and
back sides of the sheet (that is, which of the front and back
sides of the sheet is faced up), and a size of the sheet stored on
the tray.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are cross-sectional views of a printing
apparatus according to a first embodiment;

FIG. 2 is a view showing an example of a configuration of
a pickup roller unit according to the first embodiment;

FIG. 3 is a view showing an example of an arrangement of
a sheet sensor on the pickup roller unit according to the first
embodiment;

FIG. 4 is an example of a table showing a correlation
between the amount of reflection light which is detected by
the sheet sensor and the type of sheet according to the first
embodiment;
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FIG. 5 is a front view showing an example of a configura-
tion of a pickup roller unit having a plurality of sheet sensors
according to a second embodiment;

FIG. 6 is a diagram showing the relationship between
FIGS. 6A and 6B;

FIGS. 6 A and 6B show an example of operation sequence
from detection of the state of a sheet on a tray to performing
printing operation according to the first embodiment;

FIG. 7 is a diagram showing the relationship among FIGS.
7A, 7B, and 7C;

FIGS. 7A, 7B, and 7C show an example of operation
sequence from detection of the size of a sheet on a tray to
performing printing operation according to a third embodi-
ment;

FIG. 8 is a view showing an example of a configuration in
which an upper tray and a lower tray are the same in size; and

FIG. 9 is a view showing an example of a configuration in
which presence or absence of the tray is detected by means of
a reflector according to the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

Embodiments according to the present invention will be
specifically explained below with reference to the drawings.
Identical or similar reference numerals denote identical or
similar configurations throughout the drawings.
(Configuration of Printing Apparatus)

FIGS. 1A and 1B are cross-sectional views of a printing
apparatus 100 according to a first embodiment of the present
invention. The printing apparatus 100 has a printing unit 7 for
printing characters and images on a sheet-like medium (here-
inafter also referred to simply as a sheet), a conveying unit for
conveying a sheet to the printing unit 7, and a sheet feeding
unit for feeding, to the conveying unit, the sheet to be con-
veyed by the conveying unit. The printing apparatus 100
further has a control substrate (controller) for controlling
operations of driving units.

The printing unit 7 may be configured such that significant
information such as characters and graphics, and both signifi-
cant and insignificant images, designs, patterns, and the like
can be formed on the sheet-like medium, and the printing
system is not specifically limited.

The printing unit 7, for example, may be configured to eject
liquid (ink) on the sheet by employing an ink jet system.
Further, the sheet-like medium, made of/from any material or
in any form, on which printing is performed by the printing
unit 7, may be used, as long as the medium is a sheet-like
medium on which characters, images, and the like can be
printed, including paper, cloth, a plastic sheet, an OHP sheet,
and an envelope.

The conveying unit has a plurality of conveyance roller
pairs 8, each having a conveyance roller 8a for conveying the
sheet by rotation and a driven roller 86 which is driven and
rotated in association with the conveyance roller 8a. The sheet
fed from the sheet feeding unit is conveyed to the printing unit
7 by being sandwiched between the rollers of the conveyance
roller pairs 8.

The sheet feeding unit has two trays in tiers of an upper tray
and alower tray, whose sheet loading surfaces are loaded with
and store sheets on which printing is to be performed by the
printing unit 7, the two trays in tiers being detachably
mounted on a printing apparatus body, and a pickup roller unit
3 which picks one sheet out of the trays. The tray may be
called a cassette.

The pickup roller unit 3 has an arm rotatably mounted on a
rotation support unit 9 and a pickup roller 13 which is rotat-
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ably provided on a free end of the arm and which feeds the
sheet in contact by picking it up by rotation.

As shown in FIG. 2, the pickup roller unit 3 has a detector
(rotation angle sensor) which moves in association with the
rotation of the arm, the detector having an optical scale 10 and
an optical encoder 11, and is capable of detecting its own
rotation angle as the state of the rotation. Further, the pickup
roller unit 3 is provided with a sheet sensor 4 capable of
detecting the state of the sheet.

As the sheet sensor 4, any of known sensors which allow
the sheet to be determined by a physical property detected by
the sensor may be employed. In this example, the sheet sensor
4 is a photoelectric sensor having a light irradiating unit and
a light receiving unit, wherein a surface to be detected is
irradiated with light from the light irradiating unit and reflec-
tion light from the surface to be detected is received at the
light receiving unit, thereby enabling measurement of an
amount of reflection light. The pickup roller unit 3 is config-
ured such that the sheet sensor 4 can detect the physical
property of the surface to be detected in a posture in which the
pickup roller 13 has been brought into contact with the sur-
face to be detected. The position of the sheet sensor 4 to be
mounted on the pickup roller unit 3 is preferably, but not
limited to, between a plurality of pickup rollers 13 or near the
pickup roller 13 as shown in, for example, FIG. 3. This is
because in a detecting posture, the distance between the sheet
sensor 4 and the surface to be detected is small, thereby
enabling detection with high precision.

Refer back to FIGS. 1A and 1B. Of the two trays in tiers of
the upper tray and the lower tray, a lower tray 1 and an upper
tray 2 thereabove store Sheet 5 and Sheet 6, respectively. The
upper tray 2 is configured to be slidable, by means of a driving
source (not shown), between a first position as shown in FIG.
1A and a second position as shown in FIG. 1B inside the
printing apparatus body. The control substrate can determine
that in a case where the upper tray 2 is set in the first position,
the sheet can be fed from the lower tray 1 and that in a case
where the upper tray 2 is set in the second position, the sheet
can be fed from the upper tray 2.

(Operation Sequence of Printing Apparatus)

Next, with reference to a flowchart shown in FIGS. 6 A and
6B, an operation sequence of the printing apparatus 100 from
detection of the state of the sheet on the tray to starting
printing operation will be explained.

Referring to FIG. 6A, once a print instruction is issued in
step S601, it is determined which of the two trays in tiers of
the upper tray and the lower tray is designated by the print
instruction to feed the sheet. In a case where the sheet is to be
fed from the lower tray 1, the process proceeds to step S603,
and in a case where the sheet is to be fed from the upper tray
2, the process proceeds to step S604.

In step S603, the upper tray 2 is set in the first position
shown in FIG. 1A and the pickup roller 13 of the pickup roller
unit 3 contacts the top surface of the lower tray 1. On the other
hand, in step S604, the upper tray 2 is set in the second
position shown in FIG. 1B and the pickup roller 13 of the
pickup roller unit 3 contacts the top surface of the upper tray
2. In the present specification, the top surface of the tray
means the upper surface of a sheet at the top of the sheets
loaded on the sheet loading surface of the tray in a case where
the sheets are stored on the tray, and means the sheet loading
surface of the tray in a case where no sheet is stored on the
tray.

((Detection of Presence or Absence of Tray))

Next, in step S605, a rotation angle 6, from a reference

posture of the pickup roller unit 3 at the time when the pickup
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roller 13 contacts the top surface of the tray in step S603 or
S604 is obtained to be stored in a memory of the control
substrate.

A rotation angle 8, from the reference posture of the pickup
roller unit 3 at the time when the pickup roller 13 contacts the
top surface of the lower tray 1 with no sheet stored on the
lower tray 1 is prerecorded in the control substrate. Similarly,
a rotation angle 6, from the reference posture of the pickup
roller unit 3 at the time when the pickup roller 13 contacts the
top surface of the upper tray 2 with no sheet stored on the
upper tray 2 is prerecorded in the control substrate.

For convenience of explanation, a case where the pickup
roller 13 contacts the top surface of the lower tray 1, that is, a
case where the process proceeds to step S605 through steps
S602 and S603 will be described below.

In step S606, the rotation angle 0, obtained in step S605 is
compared with the rotation angle 6, recorded in the control
substrate. In a case where the size relation of the rotation
angles satisfies 8,>0,, it is determined that the lower tray 1 is
not set in a predetermined position, and the process proceeds
to step S607. In step S607, an interface (not shown) displays
that the tray designated by a print instruction is not mounted
on the printing apparatus body and the operation sequence
ends. On the other hand, in a case where the size relation of the
rotation angles satisfies 8,=<0 |, it is determined that the lower
tray 1 is set in the predetermined position and the process
proceeds to step S608 shown in FIG. 6B.

((Detection of Presence or Absence of Sheet, Type of Sheet,
and Front and Back Sides of Sheet))

Referring to FIG. 6B, in step S608, the sheet sensor 4
detects the state of the sheet on the lower tray 1. Detection of
the state of the sheet on the tray can be performed as explained
below.

FIG. 4 is an example of a table showing a correlation
between the range of values of an amount of reflection light R
obtained in a case where the sheet sensor 4 performs detection
operation and the type of sheet stored on the tray. For
example, in a case where an obtained value of the amount of
the reflection light R is R3 or more and less than R2, accord-
ing to the correlation shown in the table, the type of sheet
stored on the tray is determined to be Sheet B. This type of
table is prepared for each of the trays and is prerecorded in the
control substrate.

Referring back to FIG. 6B, in step S608, the sheet sensor 4
performs operation of detecting the amount of the reflection
light in a posture in which the pickup roller 13 contacts the top
surface of the lower tray 1, and the detected amount of the
reflection light R is stored in the memory of the control
substrate.

Next, in steps S609 to S611, the detected amount of the
reflection light R is compared with data recorded in the table,
thereby enabling the determination of the presence or absence
or type of sheet stored on the tray.

The explanation will be made in more detail. In step S609,
in a case where the detected amount of the reflection light R
is a first threshold R1 defining a range of the amount of
reflection light recorded in the table or higher (that is, R=R1),
the process proceeds to step S612. In step S612, it is deter-
mined that no sheet is stored on the tray and the interface (not
shown) displays that the remaining amount of sheets is zero,
and the operation sequence ends. On the other hand, in a case
where the amount of the reflection light R is less than the first
threshold R1 (that is, R<R1), the process proceeds to step
S610.

In step S610, further, in a case where the detected amount
of the reflection light R is a second threshold R2 defining a
range of the amount of the reflection light recorded in the
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table or higher (that is, R2<R<R1), the process proceeds to
step S613. In step S613, it is determined that Sheet A is stored
on the lower tray 1, and the process then proceeds to step
S616. On the other hand, in a case where the amount of the
reflection light R is less than the second threshold R2 (that is,
R<R2), the step proceeds to step S611.

In step S611, further, in a case where the amount of the
reflection light R is a third threshold R3 defining a range of the
amount of the reflection light recorded in the table or higher
(that is, R3=<R<R2), the process proceeds to step S614. In step
S614, it is determined that Sheet B is stored on the lower tray
1, and the process proceeds to step S616. On the other hand,
in a case where the amount of the reflection light R is less than
the third threshold R3 (that is, R<R3), the process proceeds to
step S615. In step S615, it is determined that Sheet C is stored
on the lower tray 1, and the process then proceeds to step
S616.

In step S616, determination is made as to whether the type
of sheet designated by the print instruction in step S601
corresponds to the type of sheet on the lower tray 1 which is
determined in steps S613 to S615 based on the detection by
the sheet sensor 4 in step S608. In a case where the types of the
sheets are not determined to correspond to each other, the
process proceeds to step S617, the interface (not shown)
displays an error message indicating that a wrong type of
sheet is stored on the tray, and the operation sequence ends.
On the other hand, in a case where the types of the sheets are
determined to correspond to each other, it is determined that
Sheet 5 is correctly stored on the lower tray 1, and the process
proceeds to step S618.

((Performing Printing Operation))

In step S618, printing operation is performed. More spe-
cifically, printing operation is performed including sheet
feeding in which one sheet out of Sheet 5 is taken out of the
lower tray 1 by the pickup roller unit 3, sheet conveyance in
which the fed sheet is conveyed via the conveyance roller pair
8, and performing printing on the conveyed sheet by the
printing unit 7.

For convenience sake, the above explanation is made about
a case where the pickup roller 13 contacts the top surface of
the lower tray 1, but the same explanation applies to a case
where the pickup roller 13 contacts the top surface of the
upper tray 2. In both cases, the presence or absence of the tray
is determined in steps S605 to S607, and in a case the tray is
present, the state of the sheet on the tray is detected in steps
S608 to S615, and based on the results, printing operation is
performed.

In the above manner, according to the present embodiment,
it is possible, prior to performing printing operation, to detect
the states in which no tray is mounted on the printing appa-
ratus body, the remaining amount of the sheets on the tray is
zero, and the sheet of a type different from that of a print
instruction is stored on the tray. In other words, prior to
feeding the sheets stored on the tray by picking them up one
by one by the roller, determination is made by a determination
unit.

For convenience of explanation, FIG. 4 shows an example
of a table used for performing detection of three types of
sheets. In this example, the states of the sheet on the tray,
which are the presence or absence of the sheet stored on the
tray and the type of sheet on the tray, if any, can be detected.
It may also be possible, by subdividing the threshold in the
range of the amount of the reflection light, to detect more
types of sheets, and front and back sides of a sheet, that is,
which side of a double-sided sheet is faced up.
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((Detection of Remaining Amount of Sheet))

As another example of the states of the sheet on the tray that
can be detected in the present embodiment, a method of
detecting the remaining amount of sheets stored on the tray
will be explained. For convenience sake, the explanation is
made about the operation of detecting the remaining amount
of Sheet 5 on the lower tray 1, but the same explanation
applies to the operation of detecting the remaining amount of
Sheet 6 on the upper tray 2.

As stated above, the rotation angle 8, from the reference
posture of the pickup roller unit 3 at the time when no sheet is
stored on the lower tray 1 (the remaining amount of the sheets
is zero) is prerecorded in the control substrate. Further, data
on the thickness of one sheet per each type of sheet is prere-
corded in the control substrate.

Referring to FIG. 6A, in step S605, the rotation angle 0,
from the reference posture of the pickup roller unit 3 at the
time when the pickup roller 13 contacts Sheet 5 on the lower
tray 1 is obtained. In this case, an angle displacement amount
(6,-6,) from the rotation angle 6, is obtained. By referring to
the correlation between the obtained angle displacement
amount (0,-6,) and the corresponding number of sheets of
that type, the remaining amount of the sheets stored on the
tray can be obtained by the number of sheets.

The type of the sheet stored on the tray to be used for
obtaining the remaining amount of the sheets can be deter-
mined by the detection by the sensor as described above (see
steps S608 to S615 in FIG. 6B), or the type of sheet desig-
nated by a print instruction may be used.

Similarly, the remaining amount of the sheets on the upper
tray 2 also can be detected by using the angle displacement
amount (6,-60,) from the rotation angle 6,.

According to the present embodiment, the simple configu-
ration in which the pickup roller unit which is a mechanism
for sheet feeding is used enables detection of the presence or
absence of the tray and the state of the sheet on the tray at a
stage prior to starting the sheet feeding from the tray before
performing printing operation, thereby making it possible to
prevent poor quality of a print image due to loading a wrong
type of sheet or setting a sheet upside down and wasteful
printing operation due to sheet supply to the tray being for-
gotten or the like. Further, since one sensor common to both
of'the upper and lower trays can detect both the trays, stable
detection is enabled due to no influence by sensitivity disper-
sion among different sensors compared to a case where the
two trays in tiers of the upper tray and the lower tray are each
provided with a sensor. Furthermore, increase in cost and size
of the apparatus can be controlled.

With reference to FIG. 9, a second embodiment of the
present invention is explained below. The explanations of the
same configurations and effects as those of the first embodi-
ment are omitted and distinctive matters only will be
explained.

(Detection of Presence or Absence of Tray)

In the first embodiment, the rotation angle of the pickup
roller unit 3 is obtained, and the state of the tray being not set
on the printing apparatus body is detected by the fact that the
obtained rotation angle is not within the preset range (see
steps S60510 S607 of FIG. 6A). The second embodiment is an
example of a configuration in which the state in which the
lower tray 1 has been removed is detected by detecting the
amount of the reflection light by using the sheet sensor 4 and
a reflector in combination, instead of the configuration of the
first embodiment.

(Configuration of Apparatus)

In an example of a configuration shown in FIG. 9, a reflec-

tor 14 is provided lower than the lower tray 1. In a case where
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there is no tray between the pickup roller 13 and the reflector
14, the pickup roller 13 of the pickup roller unit 3 contacts the
reflector 14. Once detection operation is performed by the
sheet sensor 4 in a posture in which they contact with each
other, the reflector 14 is detected. The detected amount of the
reflection light of the reflector 14 is prerecorded in the control
substrate.

(Operation Sequence of Apparatus)

An example of an operation sequence (not shown) of the
printing apparatus 100 according to the second embodiment
will be explained. Once a print instruction is issued, based on
the print instruction, control is performed so as to set the
upper tray 2 in the first position or the second position. Next,
the sheet sensor 4 detects the amount of the reflection light by
setting a surface which the pickup roller 13 contacts to be a
surface to be detected.

In a case where the detected amount of the reflection light
equals the prerecorded amount of the reflection light of the
reflector 14, if control is performed so as to set the upper tray
2 in the first position based on the print instruction, it is
determined that the lower tray 1 is removed from the printing
apparatus body, and if control is performed so as to set the
upper tray 2 in the second position based on the print instruc-
tion, it is determined that both of the lower tray 1 and the
upper tray 2 are removed from the printing apparatus body.

In a case where it is determined that the tray is removed
from the printing apparatus body, the interface (not shown)
displays that the designated tray is not mounted and the opera-
tion sequence ends.

According to the present embodiment, the steps and con-
figurations in relation to obtaining of the rotation angles in the
operation sequence of the printing apparatus according to the
first embodiment may be omitted.

With reference to FIGS. 5 to 7C, a third embodiment
according to the present invention will be explained below.
The explanations of the same configurations and effects as
those of the first embodiment are omitted and distinctive
matters only will be explained.

(Detection of Sheet Size)

In the first embodiment, the single sheet sensor 4 detects
the states of the sheet such as the presence or absence and type
of'the sheet on the tray (see FIG. 3 and steps S608 to S615 of
FIG. 6B), while in the third embodiment, a group of sheet
sensors 12 comprising a plurality of sheet sensors 4 is
mounted, whereby the sheet size is detected.

(Configuration of Apparatus)

FIG. 5 is a schematic view of a tip end of the free end of the
arm of the pickup roller unit 3 according to the third embodi-
ment as viewed from the pickup roller 13 toward the rotation
support unit 9. In this example, the pickup roller unit 3 has a
plurality of sheet sensors 4 disposed near the pickup roller 13
ata predetermined interval in a width direction of a sheet. For
convenience of explanation, the pickup roller unit 3 has five
sheet sensors 4.

(Operation Sequence of Apparatus)

FIGS. 7A to 7C show an operation sequence from detec-
tion of the state of the sheet on the tray to printing operation
performed in the printing apparatus 100 according to the third
embodiment. The operation sequence according to the third
embodiment shown in FIGS. 7A to 7C will be explained by
focusing on differences from the operation sequence accord-
ing to the first embodiment shown in FIGS. 6A and 6B.
Identical or similar reference numerals in the drawings
denote identical or similar steps.

In the first embodiment, in step S606, in a case where the
size relation of the rotation angles satisfies 8,=<0,, the process
proceeds to step S608 in FIG. 6B and the single sheet sensor
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4 performs operation of detecting the top surface of the tray,
while in the third embodiment, the process proceeds to step
S701 in FIG. 7B and the plurality of sheet sensors 4 (five in
this example) included in the group of sensors 12 perform the
detection operation and the amount of the reflection light Rn
(n=1,2, ..., 5)detected by each of the sensors is stored in the
memory of the control substrate.

Next, in step S702, the amounts of the reflection light Rn
(n=1, 2, ...,5)detected in step S701 are each compared with
the first threshold R1 defining the range of values of the
amount of the reflection light recorded in the table shown in
FIG. 4. A number N which is the number of the sheet sensors
4 in which the detected amount of the reflection light Rn is
less than the first threshold R1 (that is, Rn<R1) is obtained
and stored in the memory of the control substrate.

Next, in step S703, in a case where the number N is zero
(that is, N=0 in this example), it is determined that there is no
sensor which has detected a sheet, that is, no sheet is stored on
the tray, and the process proceeds to step S712. In step S712,
the interface (not shown) displays that the remaining amount
of'the sheets is zero, and the operation sequence ends. On the
other hand, in a case where the number N is not zero (that is,
N=1), the process proceeds to step S704.

Further, in step S704, in a case where the number N is less
than 3 (that is, 1=N<3), the process proceeds to step S706 and
it is determined that a sheet in size S1 is stored on the tray, and
the process proceeds to step S709. On the otherhand, ina case
where the number N is 3 or higher (that is, 3<N), the process
proceeds to step S705.

In step S705, further, in a case where the number N is less
than 5 (that is, 3=N<S5), the process proceeds to step S707 and
it is determined that a sheet in size S2 is stored on the tray, and
the process proceeds to step S709. On the otherhand, ina case
where the number N is 5 or higher (that is, N=5 in this
example due to the maximum number of sensors), the process
proceeds to step S708. In step S708, it is determined that a
sheet in size S3 is stored on the tray, and the process proceeds
to step S709. In this example, the size relation satisfies the
relation of size S1<size S2<size S3 represented by using the
inequality sign “<.”

In step S709, determination is made as to whether the sheet
size designated by the print instruction in step S601 corre-
sponds to the size of the sheet on the lower tray 1 which is
determined in steps S706 to S708 based on the detection by
the sheet sensors 4 in step S701.

In a case where it is determined that the sheet sizes above
do not correspond to each other, the process proceeds to step
S717 in FIG. 7C, the interface (not shown) displays an error
message indicating that a sheet in a wrong size is stored on the
tray, and the operation sequence ends. On the other hand, in a
case where it is determined that the sheet sizes correspond to
each other, it is determined that the sheet in a correct size is
stored on the tray, and the process proceeds to step S610 in
FIG. 7C.

Referring to FIG. 7C, steps after step S610 are the same as
those in the first embodiment shown in FIG. 6B. Of the
plurality of sheet sensors, with respect to a sheet sensor which
has detected a sheet, based on the size relation between the
detected amount of the reflection light Rn and the thresholds
of'the amounts of the reflection light, R1, R2, and R3, the type
or front and back sides of the sheet can be determined.

In the third embodiment, since the plurality of sheet sen-
sors 4 are disposed at a predetermined interval in a width
direction of the sheet, the size of the sheet in a width direction
can be recognized from the number N which is the number of
sheet sensors which have detected the presence of the sheet.
In this example, for convenience of explanation, the number
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of the sheet sensors is set to be five and three types of sheets
are detected, but in the present embodiment, the number of
the sheet sensors and the sizes of sheets are not limited to the
above. By appropriately setting the number of the sheet sen-
sors and the interval, a variety of sheet sizes can be handled.

According to the third embodiment, in addition to the
effects of the invention according to the first embodiment, the
sheet size can be detected as a state of the sheet on the tray,
thereby preventing distortion of print layout or the like due to
a mismatch between an image size of print data and the sheet
size.

The first embodiment through the third embodiment have
been explained using the printing apparatus 100 which is
configured such that the sheet feeding unit is provided with
two trays in tiers of the upper tray and the lower tray. How-
ever, the present invention is applicable to cases having trays
in any number, which may be one or a plural number which is
three or more. Further, as shown in FIG. 8, the present inven-
tion is applicable to a case where the upper tray and the lower
tray are the same in size. That is, the present invention is
applicable irrespective of the number of trays and combina-
tions of sizes of trays, as long as it is configured such that the
pickup roller unit is provided and the pickup roller can contact
the top surface of the tray.

The present invention is applicable to unit apparatuses such
as a copying machine, a facsimile, a captured image forming
apparatus, and a scanner, as well as a printing apparatus.
Further, the present invention is not limited to these unit
apparatuses, but is also widely applicable to a sheet feeding
apparatus of a complex device having the above in combina-
tion or a complex device such as a computer system.

According to the present invention, it is possible to detect a
mounting state of the tray on the apparatus body and the states
of'the sheet on the tray, such as the presence or absence of the
sheet, the remaining amount of the sheets, the type of the
sheet, the front and back sides of the sheet (which of a double-
sided sheet is faced up), and the size of the sheet stored on the
tray. However, in the present invention, determination of all of
the above is not essential. The present invention encompasses
also a form in which any one of the above states is determined.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2014-147835 filed Jul. 18, 2014, which is
hereby incorporated by reference wherein in its entirety.

What is claimed is:

1. A sheet feeding apparatus comprising:

a tray storing a sheet and detachably mounted on an appa-

ratus body;

a rotatable arm;

a roller, provided on the arm, configured to pick up the

sheet on the tray;

a sensor, provided on the arm, configured to detect a physi-

cal property of a surface of the sheet; and
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a determination unit configured to determine, based on
detection by the sensor, at least any of a mounting state
of the tray on the apparatus body and at least one of states
of the sheet on the tray selected from the group consist-
ing of the presence or absence of the sheet, a remaining
amount of the sheet, a type of the sheet, front and back
sides of the sheet, and a size of the sheet stored on the
tray.

2. The sheet feeding apparatus according to claim 1, further
comprising a detector configured to detect a state of rotation
of'the arm, wherein the determination unit performs determi-
nation based on detection by the sensor and the detector.

3. The sheet feeding apparatus according to claim 2, com-
prising a plurality of the trays, the plurality of the trays includ-
ing an upper tray and a lower tray,

wherein in response to determination by the determination
unit, the roller feeds the sheets stored on any of the upper
tray and the lower tray by picking up the sheets one by
one.

4. The sheet feeding apparatus according to claim 1,
wherein the sensor is a photoelectric sensor and detects
reflection light of a surface on which the roller contacts.

5. The sheet feeding apparatus according to claim 1, com-
prising a plurality of the sensors, wherein the plurality of the
sensors are disposed along a width direction of the sheet.

6. The sheet feeding apparatus according to claim 1, further
comprising a printing unit configured to perform printing on
the sheet,

wherein the determination unit performs determination
prior to performing feeding sheets stored on the tray by
picking them up one by one by the roller.

7. A sheet feeding apparatus comprising:

anupper tray and a lower tray, each of which stores a sheet,
and which are detachably mounted on an apparatus
body;

a rotatable arm;

a roller, provided on the arm, configured to pick up the
sheet;

a detector configured to detect a state of rotation of the arm;
and

a determination unit configured to determine, based on
detection by the detector, at least any of mounting states
of the upper tray and the lower tray on the apparatus
body and at least one of states of the sheet stored on any
of the upper tray and the lower tray, the states being
presence or absence of the sheet and a remaining amount
of the sheet.

8. The sheet feeding apparatus according to claim 7,
wherein the detector has an encoder for detecting a rotation
angle of the arm.

9. The sheet feeding apparatus according to claim 7, further
comprising a printing unit configured to perform printing on
the sheet,

wherein the determination unit performs determination
prior to feeding, to the printing unit, sheets stored on the
tray by picking up the sheets one by one by the roller.
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